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Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cause of cancer worldwide and is the fourth leading cause of cancerrelated death. 1 The incidence and prevalence of HCC are highest in Southeast Asia and West Africa, but are rising in developed countries. 1 Both surgical resection and liver transplantation are potentially curative treatments for resectable HCC, 2 although 95% of HCC patients in Western populations have coexistent cirrhosis of the liver. 3 Even for small and resectable HCC, transplantation is the preferred treatment option as it addresses both the apparent tumour and tumours that are not yet apparent, and the underlying cirrhosis. 4 However, its usage is limited by the lack of donor organs. 5 Although it has been recommended that direct clinical outcomes such as overall actual survival should be used as an endpoint in studies of HCC, 6 actuarial survival measures remain the most often reported. The Kaplan-Meier method of actuarial survival analysis was first published in the 1950s as a way of estimating outcomes with incomplete data. 7 The major risk for bias associated with this method is a result of the process of censoring, whereby certain patients are excluded from the final analysis. 8 The reasons for exclusion may include loss to follow-up, perioperative mortality or death from other causes. The Kaplan-Meier method also allows subset analysis to be used and then applied to the group as a whole. When applied to survival data, these approaches can lead to a gross overestimation of survival, which is misleading for both clinicians and patients.
The primary purpose of this study was to estimate, by a systematic review of published data, actual 10-year survival following resection of HCC. The secondary aim was to establish prognostic factors associated with improved survival.
Materials and methods

Literature search
A comprehensive search of the MEDLINE and EMBASE databases was undertaken in the first week of November 2011. The search strategy is provided in Appendix A1. A manual search of the references of the retrieved studies was performed. In the case of duplicate reporting of the same study population, the report that included the largest amount of outcome data was included.
Inclusion and exclusion criteria
Studies were included if they examined 10-year survival following resection of HCC in adults and quoted an actual number or percentage of survivors, or included sufficient data for these to be determined. Studies were excluded if they reported data for fewer than five patients, if 10-year follow-up was not complete, if the data had been previously published, or the information reported was insufficient to calculate a 10-year actual survival.
Outcome measures
In order to determine the primary outcome measure of 10-year survival, the total number of patients alive at 10 years was divided by the total number of patients included in the study. The secondary outcome measures sought in each study were the prognostic factors associated with survival. Because of the heterogeneity of the data reported in each study, formal meta-regression was not feasible. In each study, the factors reported to have a statistically significant association with survival were tabulated. Whether the factor was statistically significant using univariate or multivariate analysis, or both, was documented. These factors were then qualitatively described. Some factors were reported in the original studies with a specific numeric cut-off value (such as level of albumin or age). In the review, these were broadly categorized (increased albumin or greater age) to allow the otherwise heterogeneous data to be presented and analysed coherently.
Results
Description of studies
The searches of MEDLINE and EMBASE yielded 966 and 2327 publications, respectively. The combination of these searches produced 3293 manuscripts for analysis. No additional studies were identified after reference searching. After excluding duplicate studies, studies that repeated previously published data and studies that did not include the absolute number of survivors at 10 years, 14 studies were suitable for inclusion in this review. All 14 studies were retrospective analyses. Publication dates ranged from 1987 to 2009.
Patient characteristics
Patient characteristics are summarized in Table 1 . The total number of patients in these studies was 4197. The median patient age at study enrolment was 60 years (range: 50-64 years). Overall, 84.3% (2811 of the 3335 patients for whom data on sex were provided) of the patients were male and 78.1% (2052 of the 2626 patients for whom cirrhosis data were provided) had cirrhosis. Patient characteristics were often collated after censorship had been applied and therefore were not reflective of the initial patient population.
Study heterogeneity
There were significant variations in the populations included in the studies. Many of the studies included only patients with wellpreserved liver function. Fukuda et al. included only patients with Child-Pugh class A liver function who underwent curative resection, 9 whereas Lee et al. did not perform resection in patients with 'evidence of hepatic decompensation' . 10 The criteria for inclusion in the study by Pandey et al. were a lesion of Ն 10 cm and ChildPugh class A liver function. 11 18 Primary study outcome The number of patients in each study and the actual and actuarial survival percentages are summarized in Table 2 . Of the 4197 patients included in the analysis, 303 patients were alive at 10 years, which equates to an actual 10-year survival rate of 7.2%. Actuarial survival figures in these studies ranged from 10.5% to 46.3%. 15, 17 The overall rate determined across the 14 studies was 26.8%. Four studies 9, 10, 16, 19 indicated the proportion of patients whose fate at 10 years (whether dead or alive) was known. These four studies included data pertaining to 862 patients, the 10-year outcome of 750 (87.0%) of whom was known (Table 2) . Eleven studies stated the rate of perioperative mortality within 3 months of surgery. In these, overall perioperative mortality was 5.0% (196 of 3912 patients). The difference between actual and actuarial survival was calculated for each study (Table 2 ) in order to determine whether associations could be discerned between a large difference in survival measures and country of origin of study, prevalence of cirrhosis, perioperative mortality or completeness of follow-up for 10 years. However, the data were insufficient to reliably describe any such patterns.
Secondary study outcomes
Univariate analysis demonstrated a number of patient, tumour and treatment prognostic factors associated with survival outcomes. Patient factors associated with survival outcomes are described in Table 3 . Tumour and treatment factors are outlined in Tables 4 and 5 , respectively. On multivariate analysis the following factors showed a positive association with survival: the absence of or a less severe stage of cirrhosis; female sex; lower serum g-glutamyl transpeptidase (g-GPT); lower serum bilirubin; non-cancerous liver parenchyma; higher serum albumin; a lower indocyanine green retention rate at 15 min (ICG15), and younger age. [9] [10] [11] 15, 16, 19 Significant positive prognostic tumour factors were: the absence of satellite lesions; the absence of intrahepatic metastases, vascular invasion or portal vein invasion, and the absence of capsular invasion. [9] [10] [11] 15, 16 The only significant treatment factor, on multivariate analysis, was resection margin, whereby a margin of >10 mm was associated with a better prognosis. 10 
Discussion
This review identified an overall 10-year actual survival rate following resection of HCC of 7.2%, which is lower than the actuarial figures quoted in the studies to which the review refers. The difference may be understood by considering the way in which actuarial survival is calculated. It is a result of subset analysis and censorship of outcomes for certain patients. For example, in the study by Shimada et al., 578 patients underwent potentially curative hepatectomy for HCC. 16 Of these, 97 patients were excluded from the final analysis as seven died in hospital, 11 died within 1 month of surgery, 14 died from non-cancer causes, eight were lost to follow-up and 57 underwent palliative resection. This gives a surgical mortality of 3.1% (18/578 patients). The number of patients alive at 10 years after resection was 105, giving an actu- arial survival percentage of 21.8% (105/481 patients). The actual survival as indicated by the number of patients alive at 10 years divided by the initial number of patients enrolled was 18.2% (105/578 patients). By excluding patients who suffered postoperative mortality and those who died from other causes, the survival quoted in these manuscripts reflects survival probability only if a patient did not die perioperatively, did not die from other causes and did not undergo the conversion of a curative to a palliative procedure once the operation had commenced and the extent of disease had been discovered. The actuarial survival figure is thus not reflective of true 10-year survival in all patients who underwent initial resection. The actual survival outcomes in this study are reflective of a worst-case scenario, as only patients who were proven to be alive at 10 years were deemed to be actual 10-year survivors. Patients who were lost to follow-up or who were alive at the conclusion of the study but had not been followed up for 10 years were not included in the final analysis of actual survival, which may lead to an overestimation of mortality. In the actuarial survival calculations, these patients are censored and are assumed to have the same survival prospects as those who continued under follow-up. 7 This may lead to an overly optimistic estimate of survival. In only four studies was the comprehensiveness of 10-year follow-up stated. In these, the fate of 87.0% of patients was known at 10 years. Given that these data were available for fewer than one quarter of the cohort in this analysis, the extent to which the difference between actual and actuarial survival can be accounted for by incomplete follow-up is unknown. Nevertheless, most studies censored data for reasons other than incomplete followup, such as perioperative mortality or death from other causes. It is likely that the most accurate survival figure will lie somewhere between the pessimistic calculation of actual survival and the optimistic actuarial survival figures that are more widely quoted.
It was not possible to perform a meta-analysis of the data in these studies because of the heterogeneous nature of the patient populations, differing qualities of outcome reporting and the lack individual patient data provided in the manuscripts. No reliable conclusions could be drawn when the studies were analysed according to the difference between actual and actuarial survival to determine whether there might be an association with a wide range in this outcome and comorbid cirrhosis, perioperative mortality or completeness of follow-up to 10 years. This analysis was made impossible by the incomplete reporting of data in each category and the small number of studies. It may be that a large proportion of the difference reflects censorship resulting from incomplete follow-up. However, in the studies that reported these data, the vast majority (87.0%) of patients were followed until death or 10 years post-surgery.
It should be noted that there was a lack of agreement regarding the prognostic significance of many patient, tumour and treatment factors. In particular, factors determined on univariate analysis as not significant in some studies were found by others to be significant on multivariate analysis. An example of this is female sex. Fukuda et al. 9 found it to be a positive factor on multivariate analysis, but four studies deemed female sex to be nonsignificant on univariate analysis. 10, 11, 18, 19 These differences make it difficult to assess the true significance of factors in relation to survival. Further long-term follow-up and multicentre analysis are required to better define survival outcomes and factors with prognostic significance. In order to distinguish the effect of HCC from that of its common comorbidity, cirrhosis, it would be necessary to perform cohort studies with age-and disease-matched controls. Prognostic factors could then be increasingly considered in planning treatment for patients.
Actual long-term survival after resection of HCC is poorer than the actuarial figures reported imply. The significance of the difference between actuarial and actual survival data pertains to the expectations of clinicians and patients when discussing treatment options. Although Kaplan-Meier survival analysis is a legitimate and necessary tool for providing survival estimates, especially when comparing groups in controlled clinical trials, for most patients and many clinicians it can lead to a significant overesti- mation of the utility of treatment and likely outcomes of surgery.
A patient who is informed that she has a 20% chance of survival for 10 years post-surgery is unlikely to interpret this as meaning that she has a 20% chance of survival only if she does not die perioperatively, does not die from other diseases and if her curative procedure is not deemed palliative once the operation commences. The actual survival rate is the more intuitive and appropriate measure to use when discussing treatment options with patients.
